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RESUMEN
El objetivo de este trabajo es estudiar la aplicabilidad de 
la oxidación catalítica de aire húmedo (CWAO) para el tra-
tamiento de aguas residuales de molinos de oliva (OMW) 
utilizando nanopartículas de dióxido de titanio (TiO2). Los 
experimentos se realizaron utilizando un reactor de alta 
presión (reactor Parr) a temperatura elevada y con una 
presión parcial de oxígeno inicial de 10 bares. Se ha esta-
blecido la influencia de las variables operacionales como 
temperatura de reacción, valor de pH inicial, cantidad y 
tipo de catalizador, y tiempo de retención. Se ha observa-
do que la mineralización del efluente del molino de aceite 
está marcadamente afectada por la temperatura inicial de 
la reacción y el pH durante la operación. La demanda quí-
mica de oxígeno (DQO) y el carbono orgánico total (COT) 
se redujo a 84.22 y 81.19 % respectivamente, en las con-
diciones operativas óptimas, es decir:  pH = 6 y dosis de 
TiO2 = 4 g/L durante 1 hora. Los contenidos de lignina, 
fenol y compuestos polifenólicos también disminuyeron 
un 97.58, 94.77 y 84.24 %, respectivamente, en el mismo 
tiempo de reacción. Los resultados muestran la posibili-
dad de utilizar la técnica de CWAO como pretratamiento 
de OMW.
Palabras clave: Oxidación catalítica con aire húmedo 
(CWAO); Efluente de Molino olivarero; Tratamiento de 
aguas residuales.
SUMMARY
The objective of this work was to study the suitability of 
catalytic wet air oxidation (CWAO) for the treatment of ol-
ive mill wastewater (OMW) using using prepared titanium 
dioxide (TiO2 ) nanoparticles. Experiments were performed 
using high pressure reactor (Parr reactor) at elevated tem-
peratures and an initial oxygen partial pressure of 10 bars. 
The influence of the operational variables such as reaction 
temperature, initial pH value, amount and type of catalyst, 
and retention time was established. It was observed that 
the mineralization of oil mill effluent was markedly affected 
by the initial reaction temperature and operating pH. The 
chemical oxygen demand (COD) and total organic carbon 
(TOC) were reduced by 84.22 and 81.19 % respectively, at 
optimum operating condition, i.e.  pH = 6 and TiO2 dose 
= 4 g/L within 1 hour. The contents of lignin, phenol and 
polyphenolic compounds were also decreased to 97.58, 
94.77 and 84.24 %, respectively, within the same reaction 
time. The results showed the possibility of using CWAO 
technique as a pretreatment step of OMW.   
Keywords: Catalytic wet air oxidation (CWAO); Olive mill 
effluent; Wastewater treatment.
RESUM
L’objectiu d’aquest treball és estudiar l’aplicabilitat de 
l’oxidació catalítica d’aire humit (CWAO) per al tractament 
d’aigües residuals de molins d’oliva (OMW) utilitzant nano-
partícules de diòxid de titani (TiO2). Els experiments es van 
realitzar utilitzant un reactor d’alta pressió (reactor Parr) a 
temperatura elevada i amb una pressió parcial d’oxigen 
inicial de 10 bars. S’estableix la influència de les variables 
operacionals com la temperatura de reacció, valor de pH 
inicial, quantitat i tipus de catalitzador, i temps de retenció. 
S’ha observat que la mineralització de l’efluent del molí 
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d’oli està marcadament afectada per la temperatura inicial 
de reacció i el pH durant l’operació. La demanda química 
d’oxigen (DQO) i el carboni orgànic total (COT) es van re-
duir a 84.22 i 81.19 % respectivament, en les condicions 
operatives òptimes, és a dir:  pH = 6 i dosi de TiO2 = 4 g/L 
durant 1 hora. Els continguts de lignina, fenol i compos-
tos polifenòlics també es reduïren un 97.58, 94.77 i 84.24 
%, respectivament, en el mateix temps de reacció. Els re-
sultats de mostren la possibilitat d’utilitzar la tècnica de 
CWAO com a pretractament d’OMW.
Paraules clau: Oxidació catalítica amb aire humit (CWAO); 
Efluent de Molí d’oliva; Tractament d’aigües residuals.
1. INTRODUCTION
In the extraction process of olive oil, a black highly pollut-
ing wastewater called olive oil mill wastewater (OMW) is 
generated in the short harvesting season. The disposal of 
this effluent constitutes a serious environmental concern in 
countries of the Mediterranean area that produce olive oil. 
OMW is difficult to treat by common biological processes 
due to high COD (80–200 g/L), low pH and the presence 
of compounds with phytotoxic and antibacterial effects [1].
OMW contains diversity of organic compounds (including 
phenols, polyphenols and polyalcohols) with low biode-
gradability and high toxicity, which may explain the lack of 
a well-established technology for their treatment. Howev-
er, recently, the Mediterranean countries faced changes in 
their national legislation regarding treatment and disposal 
of OMW. In the last few years, there has been a great effort 
to develop efficient solutions for the treatment of OMW. 
Biological treatments are ineffective in practice, but when 
combined with chemical or physical processes, the reduc-
tion of the OMW pollution parameters can be drastically 
improved [2]. Other solutions, such as advanced oxidation 
processes and/or physico-chemical processes, have also 
been developed. Some examples include Fenton treat-
ment [3], ozonation [4], ultra-filtration and photo-peroxida-
tion techniques [5], electrochemical oxidation [6], electro-
coagulation [7] and electro-Fenton oxidation [8].
Wet air oxidation (WAO) mineralizes pollutants at elevated 
temperature and pressures (220–320 °C, 50–200 bar) us-
ing oxygen or air as the oxidizing source, having the ability 
to almost completely convert various organic compounds 
present in the effluent into carbon dioxide and water. WAO 
has been used previously for the treatment of several types 
of wastewater [9-11]. Since it can also achieve high con-
version rates, the wet oxidation process typically requires 
much less space and produces much less quantities of 
secondary pollutants compared with more traditional tech-
nologies. Moreover, no additional sludge or concentrated 
wastes are produced by the WAO process. Thus the wet 
air oxidation process might be an economically feasible 
alternative method practically suitable for the treatment of 
high COD concentration [12-14].
Gomes et al. studied the suitability of catalytic wet air oxi-
dation (CWAO) for the treatment of olive mill wastewater 
(OMW) in a high pressure reactor at 100 and 200ºC un-
der an oxygen partial pressure of 6.9 bar, using carbon 
supported platinum (1 wt.% Pt) and iridium (5 wt.% Ir) 
catalysts. At 100 ºC, refractory organic compounds per-
sisted even after prolonged reaction time (8 h). At 200 ºC, 
complete total organic carbon and colour removal was 
obtained with the Pt/C catalyst after 8 h of reaction. The 
results obtained from their work indicate that Pt/C is a 
promising catalyst for the CWAO of OMW [15].
WAO implies high capital costs and safety issues, mainly 
due to material corrosion, which requires the construc-
tion of WAO units with high nickel content alloys, much 
more expensive than common stainless steel, and large 
thickness, in order to support the high pressures involved. 
In order to ease and reduce these reaction conditions to 
more amenable values (125–220 °C, 5–50 bar), suitable 
catalysts can be introduced to reduce the oxidation reac-
tion activation energy. This referred to as catalytic wet air 
oxidation (CWAO). Homogeneous catalysts (usually metal 
ions in solution) or powder metal oxides can enhance the 
oxidation and conversion rates of contaminants [16].
However, these catalysts cause secondary pollutant 
problem so that further treatment is required to remove 
or recover the metal ions from the water after the organic 
compounds have been oxidized. Several catalysts were 
studied in the last decades. Heterogeneous catalysts pre-
senting very high activity and stability have been devel-
oped over the last years [17,18], since they can be easily 
removed by filtration after the wastewater is treated, and 
is available for reuse. 
In this work, we focused on the preparation of highly cata-
lytic active nanosize anatase structured TiO
2.  Also, pre-
pared TiO2 catalyst was used to study the degradation of 
an OMW by catalytic wet air oxidation (CWAO), because of 
its previous activity and stability in the oxidation of refrac-
tory organic compound. 
2. EXPERIMENTAL
2.1. Material Used
Analytical grade Sulfuric acids, Titanium tetrachloride, Eth-
yl alcohol and Ammonium hydroxide supplied by Merck 
(Germany) were used. Oxygen gas was supplied in cylin-
drical vessels that supplied by Ayag Company for indus-
trial gases (Egypt). 
2.2. Olive mill wastewater
The olive mill wastewater (OMW) used in this work was 
collected from El-Salhia Olive Mills Company, an olive oil 
processing plant near Isamalia in the East of Egypt, operat-
ing with a continuous three-phase centrifugation process. 
The detailed characterization of the OMW (which presents 
a strong brown colour) was listed in Table[1]. Before per-
forming wet air oxidation WAO/CWAO tests, the OMW 
was filtered, diluted two times with tap water, settled for 1 
hour and stored at -15 °C in plastic cans. After these pro-
cedures, the OMW chemical oxygen demand was reached 
to value of 117860 mg/ L. For each reaction, a new frozen 
sample was used in order to avoid initial composition dis-
crepancies between them.
Table [1] Characterization of twice diluted raw ol-
ive mill wastewater after settling 1 hour
Parameter Raw
pH 4.7
COD (mg/L) 117860
TOC (mg/L) 44250
Oil & grease (mg/L) 6847
Lignin (phenol Index) (mg/L) 19161
Phenol (mg/L) 6294
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2.3. Preparation and Analysis of Catalyst
Titanium dioxide (TiO2) powder was synthesized by a con-
ventional sol–gel process. TiCl4 was first dissolved in an 
ethanol/water (volume ratio of 4:1) solution, and ammonia 
was then introduced into the solution to induce condensa-
tion until pH reached 7.5. The resulted gelatinous precipi-
tate was filtered and washed to remove chloride and then 
dried at 80 °C in air. The resulted powder was then dried 
band to make the catalyst. The standard calcination pro-
cedure involved heating the powder at a rate of 50 °C/h to 
450°C, and holding the powder at 450°C for 3 h, finally the 
powder being furnace-cooled. 
The prepared nano powder was characterized X-ray dif-
fraction (XRD), differential thermal analysis (DTA) and in-
fra red (IR). The x-ray diffractometer type Philips, model 
Brukur D8 Advance-Germany, Target Cu Kβ, with second-
ary monochromator V= 40kv, A=40mA, with Ni filter was 
used to investigate the crystalline phases of the prepared 
nano powder. Thermal Analysis [STERAM LabsysTM 
TG-DSC1600ºC] apparatus with heating rate 5ºC/min 
and Fourier transform infrared spectroscopy (FT/
IR-6300-Jasco spectroscopy) were used to confirm the 
obtained phases.
2.4. Apparatus & Oxidation procedure
The catalytic wet air oxidation (CWAO) reactions were per-
formed in a 1 L stainless steel high-pressure Parr reactor 
(model 4843, Parr Instrument Co. USA) equipped with a 
magnetically driven stirrer and a thermocouple. The reac-
tor was heated by an electrical heating mantle controlled 
by a temperature controller unit (model PID 4843), Parr 
Instrument Co. Ltd., Illinois, USA). A schematic diagram 
of the reactor used in this study is shown in Figure (1). In 
a typical CWAO run, the reactor was loaded with 750 ml 
of the wastewater and definite amount of prepared TiO2 
catalyst. After flushing with nitrogen gas (N2) in order to 
remove dissolved oxygen, the reactor was heated to the 
desired reaction temperature (100 or 200 °C). Pressuriza-
tion with oxygen was then completed (10 bars of oxygen 
partial pressure), the stirring speed was set at 1500 rpm, 
and ‘‘zero time’’ of reaction was considered reaching the 
desired reaction temperature. Several runs were carried 
out to examine the effect of several parameters on OMW 
degradation using CWAO such as catalyst loading, pH and 
reaction temperature. The experiments were performed in 
duplicates with a standard deviation of 0.97-0.99.
Figure (1). Schematic diagram of the experimen-
tal catalytic wet air oxidation apparatus.
2.5. Analytical measurements
The physical and chemical characteristics of the waste-
water were analyzed according to APHA [19]. Periodically, 
liquid samples of 1 ml were withdrawn from the reactor 
to be further analyzed for a total organic carbon (TOC) 
determination using Phoenix TOC (Model 8000). Three 
reproducible runs (<2%) were considered. Determination 
of polyphenolic compounds, raw and treated OMW was 
extracted by ethyl acetate and evaporated under vacuum 
at 40°C to remove organic solvent.  Chromatographic 
analysis was carried out using HPLC (model Agilent 1100) 
equipped with diode array detector (DAD). Reversed 
phase C18 column (4.6mm x 150mm x 5mm) was used. 
The mobile phase consisted of 68% de-ionized water; 2% 
acetic acid (25%) and 30% methanol at a flow rate of 1.0 
ml/min, mode of flow is isocratic.
3. RESULTS AND DISCUSSION
3.1. Characterization of the prepared TiO2 nanopar-
ticles
X-ray diffraction (XRD) was used to investigate the crys-
talline phases (anatase or rutile) of the TiO2 powder. XRD 
of the prepared TiO2 photo catalysis calcined at 450
oC is 
shown in Figure (2).  Peaks characterizing anatase with mi-
nor amount of rutile phases are detected in the pattern. 
The broadness of the peaks indicates the lack of complete 
crystallinity of the obtained phases at such calcination 
temperature. 
Two major structural forms of titanium dioxide can exhibit 
photocatalytic activity: anatase and rutile [20]. Anatase 
(chains of TiO6 octahedral sharing two edges) has a wid-
er optical band gap of 3.2 eV, and the band gap of rutile 
(chains of TiO6 octahedral sharing four edges) is 3.0 eV 
[21]. It is important to develop methods for the selective 
preparation of TiO2, because anatase and rutile are often 
formed at the same time during the formation of TiO2 and 
it is desired to synthesize anatase nanoparticle TiO2 since 
the anatase form has a higher photocatalytic activity than 
rutile TiO2 [22]. Different preparation methods and condi-
tions yield different particle sizes and phase compositions 
of the nanostructured TiO2 that display different morpho-
logical, structural, and surface physiochemical properties, 
and also give different photocatalytic activities [23,24]. 
These conditions include the types of precursors, the con-
centration and molar ratio of reactants, the polarity of the 
solvent, the pH, and the temperature of the reacting solu-
tion.
Figure (2). XRD of the prepared TiO2 pho-
to catalysis calcined at 450oC.
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Figure (3) shows TGA thermograph of the calcined TiO2 at 
550oC. About 0.5% weight loss at 165oC was obtained due 
to the loss physically adsorbed and entrapped moisture 
from the surrounding medium. IR spectrum of the calcined 
TiO2 is shown in Figure (4).  The binding vibration H-O-H 
at 1624 and weak stretching vibration O-H at 3372 cm-1 
indicate the existence of a small amount of water and hy-
droxyl group. The absorption peak at 1405 cm-1 observed 
for freshly prepared TiO2 powder by wet process. The wide 
peak from 410 to 1000 cm-1 is assigned to Ti-O-Ti starch-
ing vibration.   
Figure (3). TGA of the prepared TiO2 pho-
to catalysis calcined at 450oC.
Figure (4). IR spectra of the prepared TiO2 
photo catalysis calcined at 450oC
3.2. CWAO & WAO
Firstly, the treatment of OMW by wet air oxidation without 
(WAO) and antase TiO2 catalyst (CWAO) was studied. The 
oxidation studies carried out with the OMW samples was 
conducted at 200°C. The oxygen partial pressure was kept 
at 10 bars at reference temperature of 200°C. The percent-
age of both TOC and COD removals as a function of time 
is shown in Figure (5) for the non-catalytic process and in 
the presence of TiO2 catalyst. The TOC or COD removal at 
zero time has a finite number rather than zero. This is be-
cause the initial heating of the wastewater took one to two 
hours and thus some thermal decomposition is occurred [25]. 
From Figure (5), it is clear that the effect of wet air oxida-
tion of OMW cannot be neglected. As expected, TOC and 
COD removals increase with oxidation time; an increase 
from 10.62% to 29.8% and from 12.2% to 32.8.5% for 
TOC and COD respectively is observed after 60 min of re-
action and from 29.8% to 35.6% and from 32.8 to 39.8% 
for TOC and COD, respectively after 120 min. The small 
removal of organic matter observed in the experiments 
performed without any catalyst indicates that the OMW 
contains a large fraction of organic compounds which are 
not easily mineralized to non-organic compounds, mainly 
CO2 and H2O. However, the most recalcitrant compounds 
are expected to remain in the treated solution, even af-
ter 180 min of reaction, thus requiring the use of suitable 
catalysts to promote their degradation. With the introduc-
tion of 4 gm/L catalysts in the system, the TOC and COD 
removals observed at the same temperature are increased 
comparing with WAO values. 
Taking a closer look at the TOC and COD removal curves 
of Figure (5) for CWAO, they can be divided into three dis-
tinct regions, each corresponding to predominant reaction 
steps (although occurring simultaneously with other reac-
tion steps). In the first region (first 60 min of reaction), there 
is a sharp TOC and COD removal (from 21.9% to 63.2% 
TOC removal and from 23.8% to 66.3% COD removal), 
corresponding to the decomposition of large organic mol-
ecules (maybe aromatic compounds), either directly to the 
final mineralization products, CO2 and H2O, or into smaller 
intermediates, some of them also easily oxidizable to CO2 
and H2O. In the second region (60–120 min), the rate of 
removal of TOC is slight, due to degradation of refractory 
compound in OMW into smaller intermediates compounds 
(such as carboxylic acids), or directly to CO2 and H2O. De-
pending on the reaction conditions, the TOC and COD re-
movals at this stage are increased by 5-10% (from 63.2% 
to 73.8% TOC removal and from 66.3% to 75.7% COD 
removal). In the third region (above 120 min of reaction), 
there is a residual TOC and COD originating a plateau 
due to refractory organic compounds, like low molecular 
weight carboxylic acids which are not further oxidized [26, 
27]. This inhibition effect is because the catalysts used are 
expected to be completely inactive for carboxylic acids 
degradation at this temperature [16]. These results imply 
the presence of organic compounds in the wastewater 
that are resistant to further oxidation since both TOC and 
COD are not completely removed after 2 hours of reaction 
time. 
3.3. Factors influencing CWAO process
There are many factors, such as reaction temperature, ini-
tial pH value of OMW and dosage of catalyst, which can 
affect the CWAO oxidation of organic materials of OMW.
3.3.1. Influence of reaction temperature 
One of the most important operating variables of deg-
radation process is the temperature. A series of experi-
ments was conducted at five temperatures: 150°C, 175°C, 
200°C, 225°C and 250°C at initial partial pressure of oxy-
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Figure (5). Comparison between WAO and CWAO of OMW. 
[pH=4.7, TiO2=4 g/L, oxygen partial pressure=10 bars].
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gen of 10 bars, pH value of 4.7, over a 4 g/L TiO2 for the 
treatment of OMW by CWAO. Figure (6) shows the TOC 
and COD removals for the experiments performed at these 
different temperatures. As expected, the removals of TOC 
and COD are enhanced by raising the reaction tempera-
ture. It is apparent also in Figure (6) that both TOC and 
COD removals increases sharply from 150°C to 200°C. At 
the highest temperature of 250°C, TOC and COD removals 
of 76 % and 81.9 % respectively were achieved after one 
hour.  From 200°C to 250°C, both TOC and COD removals 
increase smoothly. For practical purposes, it is not wise 
to employ excessively high temperatures because of high 
energy consumption and high capital and operating costs. 
Hence, a temperature of 200°C would be seemed suffi-
cient for the present CWAO process for treatment of OMW.
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Figure (6). Influence of reaction temperature on the 
CWAO of OMW. [pH=4.7, TiO2=4 g/L, oxygen par-
tial pressure=10 bars, reaction time=2hours].
3.3.2. Influence of catalyst loading
The amount of catalyst is one of the main parameters for 
the degradation. TiO2 catalyst loading experiments was 
performed to determine qualitatively the catalyst effect on 
degradation of OMW.  In order to avoid the use of excess 
catalyst it is necessary to find out the optimum loading for 
efficient oxidation. Experiments were performed with no 
catalyst as well as with from 1 to 5 g/L of catalyst concen-
tration, at reaction temperature of 200°C, 10 bars oxygen 
partial pressure, pH of 4.7 and initial TOC and COD of the 
OMW are 117860 and 44250 mg/L respectively. Figure (7) 
compares the effect of TiO2 catalyst loading on both TOC 
and COD removals of OMW. Catalyst loading results in-
dicate that the presence of TiO2 increases both TOC and 
COD removal. The TOC and COD removals for 1 hour re-
action time increased from 39.5% and 35.6% without cat-
alyst to 57% and 59.6% respectively with 1 g/L catalyst. 
It is clearly also demonstrated that an increase in cata-
lyst concentration considerably improves the removals of 
both TOC and COD of OMW. The TOC and COD removal 
reached 74.8 and 78.9% respectively within 2 hour with 4 
g/L. As the concentration of catalyst was increased behind 
4 g/L, both TOC and COD removal did not change very 
much. For example, the TOC and COD removal for 2 h 
reaction time increased from 74.8% and 78.9% for TOC 
and COD respectively with 4 g/L catalyst to 75.6% and 
79.6% for TOC and COD respectively with 5 g/L catalyst. 
This result demonstrates that the effect of catalyst loading 
on TOC and COD removal is not very important within the 
range used behind 4 g/L. Thus, catalyst loading was cho-
sen as 4 g/L in the later experiments.
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Figure (7). Influence of catalyst loading on the CWAO 
of OMW. [pH=4.7, reaction temperature=200°C, oxy-
gen partial pressure=10 bars, reaction time= 2 hours].
3.3.4. Influence of initial pH values.
Several experiments were conducted to determine wheth-
er pH has any influence on COD removal. These experi-
ments were performed at a temperature of 200°C, oxygen 
partial pressure was 10 bars, and TiO2 catalyst dosage 
was 4 g/L at different pH values ranging from 4 to 10. The 
results are shown in Figure (8).  In all these experiments, 
TOC and COD removals decreased rapidly as the pH value 
increases behind pH value of 6. It was found at pH equals 
6, the TOC and COD removals are 81.19 and 84.22%, re-
spectively within reaction time of two hours, which is ac-
ceptable in practical process.
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Figure (8). Influence of pH values on the CWAO of 
OMW. [TiO2=4 g/L, reaction temperature=200°C, oxy-
gen partial pressure=10 bars, reaction time= 2 hours].
3.4. Efficiency of CWAO and characterization of the 
treated effluent OMW 
Table [2] listed the characterization of the treated effluents 
of OMW by using CWAO at optimum reaction conditions. 
As shown in Table [2], the concentrations of TOC, COD, 
phenols, lignin, oil and grease which found in OMW, are re-
duced significantly by using CWAO. Tables [3] listed the ef-
ficiency of CWAO for removal of polyphenolic compounds 
which represent the major refractory organic groups found 
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in OMW and also hazardous pollutants. From Tables [2 
and 3], the contents of lignin and polyphenolic compounds 
were also decreased to 97.58 and 84.24 % respectively, 
within the same optimum reaction conditions. The results 
show that CWAO is a promising alternative process for 
treatment OMW which contains substances with high or-
ganic load and very refractory organic compounds. 
Table [2] Efficiency of CWAO for removal of or-
ganic contents of olive mill wastewater
Parameter
Treated effluent
mg/L Removal  %
COD 18600 84.22
TOC 8320 81.19
Oil & grease 461 93.27
Lignin 463 97.58
Phenol 329 94.77
Table [3] Efficiency of CWAO for re-
moval of polyphenolic compounds
Compound
Raw Treated effluent
mg/L mg/L Removal %
cinnamic acid 756.5 91.03 87.97
3,4-dihydroxybenzoic acid 33.8 N.D 100
3,4-dihydroxibenzaldehyde 42.06 N.D 100
4-hydroxybenzaldehyde 81.54 56.21 31.07
vanillic acid 9.083 N.D 100
3,4-dihydroxycinnamic acid 7 N.D 100
p-coumaric acid 4.32 N.D 100
Total 934.3 147.24 84.24
4. CONCLUSIONS
The present study reports on the treatment of olive mill 
wastewater (OMW) by using the catalytic wet air oxida-
tion (CWAO). The TiO2 catalyst has good performance in 
catalyzing the wet air oxidation of OMW. There are many 
factors that can influence on the CWAO process for treat-
ment of OMW. The most important factors among them 
are reaction temperature, pH value of wastewater and 
catalytic conditions to improve treating effects and reduce 
treating costs. The TOC and COD removals were observed 
to increase with an increase in both temperature and the 
catalyst loading. The pH value of the wastewater can af-
fect CWAO reaction significantly. Low pH value is benefi-
cial for speeding the reaction, but at the same time, higher 
corrosion resistance of reactor and catalysts is required. At 
optimum operating degradation conditions: temperature 
of  200°C, oxygen partial pressure of 10 bars, pH value 
of 6 and reaction time within 2 hours, the TOC, COD and 
polyphenolic compounds removals are 81.19, 84.22 and 
84.24 %, respectively. It is clearly of the formation of stable 
reaction intermediates because the total TOC and COD 
removals were never 100%. 
This result proves that CWAO is a promising technology 
to treat OMW and encourages further research studies on 
this subject. Since The increase of removal of both COD, 
TOC and polyphenolic compounds removal is very high, 
the CWAO of olive mill wastewater seems environmentally 
attractive. The low concentrations of organic compounds 
in the final treated effluents allows for their reuse in the 
process, leading to a more efficient process water man-
agement and better environmental impact. 
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